ABSTRACT Early childhood is a significant period when transitions take place in children. This period is a hot topic among researchers who pursue this domain across different scientific disciplines. Many studies addressed social, scientific, medical, and technical topics during early childhood. Researchers also utilized different analysis measures to conduct experiments on the different types of data related to the early childhood to produce research articles. This paper aims to review and analyze the literature related to early childhood in addition to the data analyses and the types of data used. The factors that were considered to boost the understanding of contextual aspects in the published studies related to early childhood were considered as open challenges, motivations, and recommendations of researchers who aimed to advance the study in this area of science. We systematically searched articles on topics related to early childhood, the data analysis approaches used, and the types of data applied. The search was conducted on five major databases, namely, ScienceDirect, Scopus, Web of Science, IEEE Xplore, and PubMed from 2013 to September 2017. These indices were considered sufficiently extensive and reliable to cover our field of the literature. Articles were selected on the basis of our inclusion and exclusion criteria (n = 233). The first portion of studies (n = 103/233) focused on the different aspects related to the development of children in early age. They discussed different topics, such as the body growth development of children, psychology, skills, and other related topics that overlap between two or more of the previous topics or do not fall into any of the categories but are still under development. The second portion of studies (n = 107/233) focused on different aspects associated with health in early childhood. A number of topics were discussed in this regard, such as those related to family health, medical procedures, interventions, and risk that address the health-related aspects, in addition to other related topics that overlap between two or more of the previous topics or do not fall into any of the categories but are still under health. The remaining studies (n = 23/233) were categorized to the other main category because they overlap between the previous two major categories, namely, development and health, or they do not fall into any of the previous main categories. Early childhood is a sensitive period in every child's life. This period was studied using different means of data analysis and with the aid of different data types to produce different findings from the previous studies. Research areas on early childhood vary, but they are equally significant. This paper emphasizes the current standpoint and opportunities for research in this area and boosts additional efforts toward the understanding of this research field.
I. INTRODUCTION
Early childhood is the period when most of transitions in children take place; this period is a significant influencer of child development as children progress into adolescence [1] and adulthood [2] . Early childhood is an intriguing research in the academic world that warrants considerable attention [3] . Early childhood was investigated in many domains, such as social and medical domains; researchers emphasized the importance of this period in shaping many aspects of children's lives, especially brain development as discussed in [4] and [5] . This period plays a significant role in shaping other aspects of childhood development, such as growth [6] , [7] , emotions [2] , [4] , [5] , [8] , socialization, behavior [3] , [6] , [8] - [10] and health [6] . Most of children's skills are shaped during this period; these skills include cognitive [2] , [8] , [9] , perception [11] , inhibitory control [12] , executive function [13] , language [3] and education [14] , [15] . Early childhood also represents great risk, wherein many neurodevelopmental disorders emerge [8] in addition to the internalization and externalization of problems in children [16] . Family bonds between parents and children are formed during this time [17] . Literature shows that early childhood research is gaining significant interest, which is recognized as a hot topic. Several researchers conducted data analysis on this domain and obtained good results. Therefore, data analysis is essential in the study of early childhood.
Data analysis plays a significant role in science research. Researchers worldwide utilized different data analysis measures in their respected fields for different reasons. Researchers tend to work with different analysis methods for various scientific purposes, such as evaluation [18] , classification [19] , investigations [11] , [20] , data modeling [21] and prediction [22] . Others highlighted the role of data analysis for its contribution to research [13] , answering research questions [23] and the relationship of findings [24] . Some referred to social purposes, which include understanding children's related norms, such as health [25] , tracking and describing changes [26] , [27] ; reducing biases [28] - [30] and their contribution to lack of consensus [31] . However, the nature and type of data used for the analysis play a major role in any data analysis approach.
Data type is also a significant part of any study, which is equally important as data analysis because they complete each other. Data type alone does not provide sufficient information without proper analysis. The same goes for data analysis, which will not provide information without proper data. We notice that data types in early childhood studies represent an occurrence or a situation for children at that time period. Data type may not be a significant indicator of how this period is observed given the fact that data related to children are not recorded by them, but they are recorded by parents or other caregivers [32] - [34] . A longitudinal type of data emerged in literature, which enables researchers to observe children for many years. This type of data aids researchers across the majority of early childhood studies for various purposes, such as evaluation [18] , improvement of study models [35] , provision of consistent estimates [6] , maximization of statistical power [36] , [37] and maintenance of data records [8] . Longitudinal data also vary in terms of usage; some researchers used these data for answering research questions [31] , conducting investigations [38] , [39] , performing comparisons [40] , testing models [41] , [42] , providing clarifications [43] , examining effects [44] - [47] and determining findings [48] .
Since 2013, researchers studied different areas of early childhood by utilizing different measures and approaches. Despite the main categories, current studies focused on challenges that hinder previous researchers from exploring this area. Moreover, these studies provided suitable recommendations, which act as a guide in dealing with these types of studies in the future. Research on the area of early childhood is vast and diverse. The present study aims to provide valuable insights for future researchers in the early childhood domain by understanding the nature of the current gaps in this domain of science. The present study is meant to shed light on previous research efforts in response to early childhood studies by mapping the research landscape into a coherent taxonomy and determining the proper features and settings that characterize this line of research. This study is organized as follows. Section 1 discusses early childhood, followed by the nature of data analysis used and the types of data used for the analysis. Section 2 describes the research method, scope, literature sources and steps in research filtering. Section 3 reviews the results and statistical information of the final set of articles in this study. Section 4 shows the research landscape based on literature, which is mapped into a coherent taxonomy. Section 5 discusses and classifies the challenges, motivations and recommendations encountered by previous researchers, which were extracted from different articles on early childhood period from 2013 to September 2017. Section 6 presents the methodological aspects of previous researchers and their research settings. Section 7 presents the conclusions.
II. SYSTEMATIC REVIEW PROTOCOL
This section is based on systematic review approach or systematic literature review (SLR). This type of review promotes a comprehensive understanding of a certain topic of interest or phenomenon, which provides details and important insights for policies and future studies. This study is a good approach to identify, interpret and evaluate existing literature related to the subject [49] . This approach is widely recognized for its significant importance and its ability to accommodate various types of research methods. Such an evidence-based approach is a desirable way of boosting quality and identifying the current position of the topic and gaps in literature. This study determines topics that should be thoroughly investigated and summarizes details for future research [50] . The individual studies used in the systematic review are called primary studies. The systematic review is often referred to as secondary study.
A. INFORMATION SOURCE
The search strategy was based on the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement [50] , which is summarized as shown in Figure 3 . Five digital databases were selected for articles on search and selection. (1) ScienceDirect offers varied access to journals from different domains, such as medical, scientific and (5) PubMed database that features large number of medical and biology research papers. These five databases were selected because of their academic reliability and various presentations for journal articles from technical, social and medical disciplines.
B. SEARCH STRATEGY
The search was conducted at the middle of September 2017 in the search boxes of all five previously mentioned databases: ScienceDirect, IEEEXplore, Scopus, Web of Science and PubMed. Various word combinations and different terms were used to describe the three focus areas: ''AND'' operator was used between focus areas, and ''OR'' operators were used inside each focus area to gather phrases and words with similar meaning. Our first area of interest was related to early childhood followed by the second area, which sought to identify different terms of data analysis approaches, such as data mining and machine learning, to determine their availability and usage in literature. The last area of the search focused on the types of data we sought to find, such as longitudinal and panel data. The exact query is presented at the top of Figure 3 . We applied few extra options during the search to exclude materials, such as books, chapters and other types of reports, which do not fall under journal and conference articles. We recognize those two options as the most suitable for inclusion of the latest proper scientific papers relevant to our main area of interest.
C. SEARCH QUERIES
The search queries were created by specifying the main terms and close meaning of each section. The first section focused on synonyms and terms related to early childhood. The second section aimed to hunt for different types of data analysis. The last section was concerned with the type of data used for the analysis, as shown in Figure 1 . A good number of search attempts resulted in the following search queries. The queries were expressed as three parts, which were used during the phases of title and abstract scanning and full text reading. The study selection phase started with the initial search, which generated 2436 articles. This phase was followed by three phases, which include screening, filtering and initiating of category to determine whether the generated articles will be included in the review or not. Duplicated articles were identified and excluded from the various databases. Title and abstract scanning were utilized to determine the relevance of each article, which were categorized later in different folders based on their attributes and similarities. The second filtering phase was commenced by conducting a thorough full-text reading of screened articles from phase one. The last phase involved a deep examination of articles to determine suitable main and sub-categories. Several notes and comments were taken during that process. Each article was analyzed separately for many attributes, which were later recorded into an Excel sheet, as shown in Figure 2 . All selected articles went underwent the same process and every reference of each article was added to a separate column in a Microsoft Excel sheet.
E. INCLUSION AND EXCLUSION CRITERIA
A set of criteria were enforced for the selection of studies during the initial screening process. Studies were included if they were published between 2013 and September 2017. An additional criterion limited papers from all databases to English language. ScienceDirect papers must include articles, review articles or short surveys. IEEEXplore provides access to conferences papers, journals and magazines or early-access articles. Only article journals were used from Web of Science and Scopus. As for PubMed, it is either reviews or clinical trials. Other aspects of the inclusion criteria were mainly concerned with the topic. The first aspect was age. Given that the focus is early childhood, children 5 years or below are included. The ages of children are between 0 and 5. Thus, our search relied on this scope. Articles about children older than 5 years of age were discarded. Another type of age discusses children age's as a longitudinal process. For example, some articles examined child development over many years. Some of them are from ages 3 to age 12. This age range was included because it represents one of our main target ages (between 0 and 5) and an older age. Another type studied children at different time points. For example, some studied the effect of mother parenting over the social development of their children at age 4. At age 10, they studied children again to determine whether correlation exists between mother parenting and the development of the social behavior aspect of children when they grow up. This type was also selected. Another type of study was mainly concerned with the population of the children given that some articles do not specifically differentiate between the number of children and other individuals who participated in the studies, such as family members. For example, a type of articles states the population number of the children participated in the study. The other type mentions them with their family members, such as family dyads or mothers with their children, without differentiating their exact number. Any study that does not clarify the age of the children was excluded. Any study that discusses a certain model or analysis technique, which has only been performed on the children as study case, was also excluded. For example, some articles test a new statistical model or algorithm. The aim of the article is this model, but the article included children as case study to test the validity of the model. The inclusion and exclusion criteria and the queries and search results are presented in Figure 3 . 
III. DEMOGRAPHIC STATISTICS
This section presents the demographic statistics of the query search in the databases and shows the relevance rates of articles from the five databases along with years of publications ( Figure 4) . Figure 4 shows that the demography of selected articles across the five different databases. Science Direct is wider in scope than any of the databases, followed by Scopus, Web of Science and PubMed. The IEEE database had the lowest number of articles. Duplication is observed between the chosen articles after the full-text reading phase within the five search databases. The results are shown in Table 1 .
IV. DISTRIBUTION OF PUBLICATION BASED ON JOURNAL, AND IMPACT FACTOR
This section presents the classification of related studies with respect to Journal, and Impact Factor. This type of classification aid the researchers to target journal related to the early childhood area. (Table 2 ).
V. TAXONOMY
This section presents our taxonomy, which summarizes the result of our search process. The process began by searching, scanning, filtering and full-text reading of all selected articles. Upon the completion of the previous phases, all articles were classified into three major categories and various sub-categories. The first category, development, is related to various domains of early childhood development across many aspects. The development category has four sub-categories. The second category; Health, is related to different health aspects of children. This category has five sub-categories. The last category; ''Others'', is related to studies that do not fall in any of the previous categories. This section also presents articles that overlap between the major main categories. The main categories with their sub-categories are described in the next sections ( Figure 5) .
A. DEVELOPMENT
The first major category of the taxonomy is related to the early childhood development period and it contains (n= 103/233) articles. This section explains in depth all development related aspects of children by separating them into 4 sub categories.
1) BODY/GROWTH RELATED
The first sub category, namely, body/growth-development, is related to children development processes and periods related to body growth when children proceed with normal human activities, such as eating, drinking and other normal habits a person is expected to develop. Articles in this category fall into three topics namely, brain development, physical body development and general growth.
Brain development related articles (n = 11/103) described related studies regarding brain evolvement and growth. Studies [31] , [51] focused on the electroencephalography (EEG) to scan children between 4 months and 6 years of age. Two studies examined the cortical activity of infants' brain in response to visual motion similar to [51] or explored the functional connectivity differences of 137 young children similar to [31] . Following [52] , the second technique was focused on the Functional Near-Infrared Spectroscopy. This screening technique was used on Gambian infants to assess their cortical activation period from an early age until the second year of life. The third screening technique is magnetic resonance cisternography (MRC). The MRC technique was used to assess the dynamic characteristics of symptomatic arachnoid cyst (ACs) and to classify these ACs into groups [53] . The last screening technique of the brain development is Magnetic resonance imaging (MRI). The MRI technique was used mostly in the brain development with a majority of studies [8] , [10] , [18] , [35] , [36] , [54] , [55] and across different areas. Two studies were involved with the growth trajectories of different areas of the brain similar to [18] and [36] . Two more studies were related to age changes in children and examined whether these changes were functional [8] or related to limbic structures and symptomatology [54] . The last few articles discussed various topics, such as brain left hemisphere [55] , white matter maturation [35] and neural connectivity patterns [10] . These studies were categorized on the basis of the screening technique.
Physical Development related articles (n = 4/92) aimed to describe articles associated with children's physical development. Four different perspectives are found in the area of physical development. External factors and their impact on children physical development include social side [56] and left-behind children of parents migration to another country to seek employment [57] ; the third article was concerned with epigenetic age and physical development similar to [38] . The last one was concerned with protein and energy intakes effects on children's height and weight growth [58] . All those articles were mainly focused on the physical development of children from different angles.
General Growth related articles (n = 7/88) aimed to identify and offer a brief description of the head growth and growth period of children. Various topics were reported. The first one focused on children's head growth issues, such as head circumference and its relationship with autism spectrum disorder (ASD) [59] or growth trajectory during infancy [60] . Another topic focused on head growth from deformities and possible risk factors [61] . The second topic featured in the growth sub category is the period of growth which has been discussed in relation to physical growth patterns [11] , height-for-age growth reference for children with achondroplasia [62] the growth period patterns between birth and five years of age [6] or characterize the child growth at three different time points [7] .
2) PSYCHOLOGICAL/MENTAL
Psychological/mental category is meant to describe domains associated with the mental and psychological abilities of the children during early development. This category presents two important domains, namely, behavior and sleep. The category offers (n = 20/81) articles that are based on one of the two previously mentioned domains.
Behavior related articles (n = 15/81) aimed to highlight behavior related articles that cover different areas of interest related to abilities, problems and effectors. These abilities presented in literature have emotion-regulating aspect [63] , imitation [64] and inhibitory control [12] . The next set of articles address the effectors of children's behavior, which have a significant impact on children's behavior competence according to the literature. Few related issues were discussed in literature, such as housing and school mobility, which are respectively presented in [65] and [66] . Other effectors were related to the environmental factors that surround children, such as genetic and environmental influences [5] and green space urban neighborhood [67] . Other articles were identified in relation to different domains, such as pre-adoption [68] , trauma [69] , school life with tardy classmates [70] , Early parenting [71] and maternal support for children negative emotion [72] . The last set of article addresses the behavior problem encountered in the literature, which focused on different topics, namely, antisocial behavior [73] and prosocial behavior [74] . The last one was a review related to mental health problems [25] .
Sleeping related articles (n = 5/66) aimed to explore the part of the literature which focuses on sleeping role in children lives and how different authors across the literature have addressed this domain from different angles. Some addressed children's rhythm of sleep patterns [34] or sleep and breathing developmental changes [75] . Others focused on sleeping problem, such as insufficient sleep [9] and other sleep problems and interventions [29] . The last one highlighted the association between children's daily routines and sleep duration [76] .
3) SKILLS
Skills related fourth category is a large category that represents various aspects of the literature. This category aimed to describe all related skills found within the literature and assigning them in different domains, such as cognitive, motor, communication, academic and external factors, associated with skills. The category represents (n = 49/61) articles categorized based on five previous mentioned domains.
Cognitive-related articles (n = 7/61) aimed to identify literature that focuses on children's perception and cognitive development and many factors associated with growth. The family's role in the literature is significant for child perception and development; several authors explored the relations from various points, such as mother's parenting and breastfeeding [77] , mother's parenting and father-figure support [13] , father and mother's sensitive parenting [24] , parent-child interactions [48] and reading to children [78] . Others discussed different points, such as children's ability to quote variety of linguistic inputs [79] or related to more medical and vision research [80] .
Motor-related articles (n = 9/54) aimed to explore and present the articles related to the children's early motor development. Motor development in the early years of life refers to physical skills that require children to use their entire body movements. Motor development plays a significant role in shaping children's dynamic interactions with their surrounding environment [81] . Motor development is a more important effector than other domains of development, which include cognitive, social and language domains [81] . The motor development domain was and still is an interesting area of research for many. We came across set of articles which address this domain of child development from different settings and views. The first group was focused on an infant's reaching behavior [82] or reaching kinematics [83] . Others were interested in investigating parenting influence over the motor development of their infants [84] or investigating the parent assessment report validity over their children's motor development compared with two examiner-administered assessments [81] . Among other interesting investigations were the characterization of infants motor development status after cardiac operations [85] or assessment of infant hand-use preferences to identify stable preferences [86] . The last three articles focused on studying postural adjustments in infants with high risk of cerebral palsy [87] , oral-motor Behavior [39] and trunk support system to Identify Posture control [88] .
Communication-related articles (n = 19/45) aimed to describe the articles which address topics related to communication skills in children. The topics found are either linguistic-based, such as vocabulary, language-or socialbased. The first group was concerned with vocabulary development [89] , [90] . Various topics were presented, such as language maintenance and loss [91] and speech and language competence for indigenous children [92] . Other interesting studies went deep into grammar, which includes the complement control acquisition of Mandarin Chinese language [93] and ditransitive verb structure acquisition for Russian and Ukrainian languages [94] . Others discussed language acquisition from different perspectives aside from grammar, such as bilingual first language acquisition [95] , discriminate of vowel length for deaf infants [96] and comprehension of 'who' questions among children with hearing loss [97] . The rest of the studies focused on other areas, such as expressive communication skills [21] , single-word to multiword speech [98] , phonological network influences in children's speech [46] , normative database of word production [99] , mother sensitivity, cognitive and linguistic stimulation's effect over deaf children language growth [100] , phonemic accuracy development in children with cochlear implants [101] , children's syllabic words spelling [102] , expressive and receptive language role in the recovery or persistence of stuttering [103] . The second group, which was concerned with the social aspect of the communication, presented two articles. The first one was a hybrid between expressive language abilities and prosocial behavior [3] , and the last one was concerned with the social interactions of twin infants with their caregivers and same-age siblings [104] .
Academic-related articles (n = 9/26) aimed to identify skills-related literature, which focuses on the academic achievement of young children. Two major groups of literature were identified in this area; the first group addresses mathematics and reading skills from different views [40] , [47] , [105] - [109] . The second group is considered the least academic skills that address grade retention [110] , [111] . The first group dealt with various topics in relation to mathematics and reading skills; the topics include how changes in instructional practice are associated with the mathematical achievement of children [47] , spatial ability and mathematics competence [11] , and mathematics development of students with and without learning disabilities [109] . Other authors focused on mathematics and reading achievement by considering external human effectors, such as mother-child attachment styles [105] , teacher-child relationships [40] and socio-economic status differences [108] . The last two articles in this group discuss topics, such as the importance of reading and mathematics for science achievement [106] , and preschool mathematics competencies predict later mathematics achievement in later grades [107] . The second group associated with grade retention in early childhood VOLUME 7, 2019 highlighted issues, such as the effects of early grade retention on mathematics development [110] and risk factors for grade repetition [111] .
The External Factorsrelated articles (n = 5/17) aimed to describe related literature of the skills but it does not fall under any of the previous four sub categories. Few articles were identified in this group and they represent different topics such as Mastery motivation [112] , spacing effect [113] , Science Achievement Gaps [114] , peer interactions and scientific reasoning [26] and visual spatial skill [115] .
4) OTHER/DEVELOPMENT
Other development category aimed to identify the remaining articles in the development of the main category that do not fall into the previous main sub-categories, namely, body growth, psychological/mental, skills and external factors sub-categories. This category also represents the articles that intersect between the major categories within the development. A relationship is found between two or more of the four major main categories. The total number of articles that falls into this category is (n = 12/12). The first group of articles with notable intersections begins with an intersection among behavior abilities, visuomotor skills and academic skills [116] or between behavioral abilities and academic skills [117] , [118] . Another intersection took place between four different categories, which include motor, cognitive and language skills in association with growth trajectories [119] or between MRI brain scanning technique and language development [120] . An intersection exists between the social skills of the communication category and academic skills [1] , followed by intersections between skills external factor and language [14] and between emotion knowledge behavioral effector and academic skills [41] . The next group represents articles that do not fall into previous categories and has no intersection, but they represent an aspect of development and have been labeled as others due to their paucity. The articles discuss various subjects, such as blood plasma proteome [28] , hypothalamic-pituitary-adrenal [121] , basal ganglia [42] and theory of mind [122] .
B. HEALTH
The second major category of the taxonomy is related to the early childhood health domain, which contains (n = 107/130) of the remaining articles, this section explains the different aspects presented in literature that are connected with children's health in the early period of life. This section is divided into five sub-categories that explain various related issues, and each of those are separately detailed.
1) FAMILY RELATED
Family-related health category aimed to discuss the parental effectors that may influence or affect their children's health. Many studies (n = 25/107) in the health category contributed to this area. Various topics were identified, and each of them affects children differently from one another. The topics related are based on a family or a parent's behavior, mental health, parenting style, mother's pregnancy period and racial disparities.
Parent behavior-related articles (n = 3/107) aimed to describe literature where parents' behavior and practices pose a significant influence over their children's health; parental behavior is an important aspect of their children [123] . Three topics were identified with regard to behavior, such as a mother's role in children's outdoor play and screen-time [124] , parents mobile device use and parentchild interaction [123] and parental and offspring conduct problems [125] .
Parent mental health-related articles (n = 6/104) aimed to identify and discuss the articles related with the mental health of the parents and their children. Different studies have focused on the mental health of parents and children [17] . Various points and views are presented, such as parents' thoughts of death [17] , and caregivers' depressive symptoms, which include maternal [33] and paternal symptoms [126] . Two more articles discussed maternal mental health and child behavior [127] , maternal psychological functioning and school readiness [44] and the deployment impact of military families with young children [32] .
Parenting style-related articles (n = 4/98) found that literature focused on this area, which is considered one of the most significant effectors over children's development delays [128] . Many interesting topics were addressed, such as harsh parenting [129] , parental spanking [130] , parenting styles and practices in either children with risk for developmental delay [128] or with children personality [131] .
Pregnancy period-related articles (n = 8/94) focused on associated health issues with regards to the mother's pregnancy. Some of the articles describe premature labor and other actions of the mother during pregnancy. Among the ones aimed to describe the pregnancy comes three articles that discuss premature babies, each of the articles represent different views and interests, such as care patterns [132] , risk factors [133] , and mortality risks [134] . The second type of articles describe actions taken by the mother that may have affected the pregnancy, which includes parental smoking [135] , [136] . Other authors argued the different effectors in the literature, such as prenatal exposure to food scarcity [27] , parents blood pressure [37] and hypertension [137] .
Racial disparity-related articles (n = 2/86) address the ethnic differences of mother practices in relation to their children across two different settings. These articles show that the racial differences of mothers influence children's health; the first article discusses hospital use and cost for mothers from different ethnic groups [138] , and the last article discusses the social disparities in relation to children's health [139] .
Other factor-related articles (n = 2/84) focus on articles that falls on the family side but have different topics from the ones mentioned above. Two articles identified and discussed parental education in relation to children's body weight [140] or parental sense of coherence against an obesogenic environment [23] .
2) MEDICAL PROCEDURE
Medical procedure health category present articles that spoke about a medical procedure performed on children. This category represents a few articles (n = 4/82), as per our search in the literature that considers the age scope of children. The articles discussed were deep into the medical domain, and they pointed out several techniques, such as spinal muscular atrophy [141] . The article was considered despite that the age of the participant is less than 10 years, and we assumed its acceptability because the range is not specific. Other techniques were electrical impedance myography [142] , the Furlow technique for late cleft palate [143] and echocardiographic screening for patients with heart disease between the ages of 5 and 17 [144] .
3) INTERVENTIONS
Health intervention category pointed out efforts that have been implemented to protect children or asses their health. Authors have taken different approaches in this domain. Some relied on techniques, which are the first subcategory. Others focused on services and center-based programs, and the rest addresses the matter in a general practice perspective. The intervention category represents (n = 17/78) journal articles that were categorized into three subcategories.
Technique-related articles (n = 4/78) showed the approaches used with regard to children's health and intervention. The authors took different approaches and techniques in analyzing and proposing ideal solutions. The first example represented by [145] is a prediction technique that aims to predict seizure count for paediatric epilepsy. The model relies on big data approach, and it is one of the views that relied on a non-statistical prediction approach. The next study relied on a prediction technique to classify infants at risk of a language-based learning disorder and a support vector machine (SVM) for classification [146] . The last two articles relied on different techniques, such as biomarkers for assessing Duchenne muscular dystrophy [147] and Paediatric diagnostic audiology testing [148] .
Services-related articles (n = 11/74) identified intervention services across literature that have been investigated for the benefit of children and how they were implemented. Few researchers addressed this topic with respect to families, such as parenting and children behavior changes after a support program [149] , early program impacts on parenting [150] and improving of practices [151] . Others discussed intervention approaches [152] , [153] and intervention outcomes [45] , [154] . The last few articles discussed different topics, such as crisis nursery [155] , health insurance impacts [156] , interventions effectiveness [157] and their relationship to population health improvements [158] .
Practices-related articles (n = 2/63) described general practices that contribute to an early intervention for children health. Only two articles are described. The first one focuses on changing the handwashing behavior [159] , and the last one focuses on an intervention strategy for destructive behavior in children with severe intellectual disability [160] .
4) RISKS
Health's risks category shed light on literature associated with health risks that affect children based on age. Health risks are serious and significantly contribute to the downfall of children's health. This category presents (n = 46/61), which is considered the majority of the entire health category. The category is divided into three main subcategories. The first one discusses health risks related to diseases that affect children at a young age. The second one investigates health risks with regard to adverse childhood experiences. The last one discusses other factors. Articles were placed in this category given their small numbers.
Disease-related articles (n = 35/61) represented the most popular diseases found in literature with regard to early childhood. Some of these diseases are life-threatening, such as asthma [161] - [165] which seems to be associated to children's behavior and skills [166] and caregivers quality of life [43] . The second most fatal disease related to this issue is child mortality, which has been covered by a great amount of literature from different sides, which include patterns [167] , trends [168] and its impact by democracy and media freedom [169] . Moreover, child mortality seems to play a major role in the country's economy [20] , [170] . Other authors addressed child mortality with respect to human deficits, such as stunting, wasting and being underweight [171] and with respect to vaccination effect [30] . The rest of the articles that tackle child mortality focused on different areas, such as relation with fertility decline [172] , comorbidity [173] and household demography [174] . The third disease is associated with obesity children, which is a major concern that needs to be taken seriously during the early ages because being overweight may have a lasting effect on children's health. Obesity has been linked to many external effectors before and during the children lives; some cases of obesity occur even before the child comes to life, which is related to maternal gestational weight gain [175] and the timing of delivery [176] . Moreover, obesity was investigated to determine if it is a risk factor of stunting growth in children [177] or evaluate its prevalence in children with congenital heart disease [178] . The last study aimed to investigate the relationship of between obesogenic environment and children adiposity [179] . The last few remaining articles focused on other remaining diseases, such as anaemia [180] , dengue [181] , chronic obstructive pulmonary [182] , cancer [183] , [184] , sickle cell trait [185] , HIV [186] , kidney disease [187] and malaria [188] - [192] .
Adverse childhood experience-related articles (n = 5/26) presented studies related to abuse and maltreatment in the early days of life and the negative experiences they may leave on children given their fragile nature at these ages. They may carry these experiences for the rest of their lives. Among the issues discussed in literature is sexual abuse [193] , repeated maltreatment [16] , characteristics [194] , patterns of exposure [195] and the relation of these factors with unemployment [196] .
Other common related articles (n = 6/21) presented other risks associated with childhood period that are not a disease but may cause the deterioration of children's health and lead to a disease. Other interesting areas covered in literature that are related to these causes are germs and bacteria [197] , contaminated drinking water [198] , [199] , childhood cigarette and alcohol use [22] , smoke exposure [200] , and risk of hospitalization [201] .
5) OTHER/HEALTH
Other health category identified the remaining articles in the health main category that do not fall into the previous main subcategories (family, medical procedure, intervention and risks). This category also represents articles that intersect between the major categories within health, and they have a relationship between two or more of the four major main categories. The total number of articles that fall into this category is (n = 15/15). The articles with intersections begin with an intersection between a mother's dietary patterns during pregnancy period and childhood obesity [202] , in addition to mother's depression and its relationship with infant health problems and abuse [2] . Other researchers covered different issues, such as vaccination strategies [203] , traffic fatality [204] , Oropharyngeal swab in children with cystic fibrosis (CF) [205] , predictors of inflammation in infants [206] , the association between serum levels of uric acid and blood pressure tracking in childhood [207] , kindergarten barefoot policy's effect on preschool children's toes [208] , added sugar consumption [209] , socioeconomic status (SES) and child injuries [210] and prescriptions for outdoor physical activity among children [211] . The last few articles covered children's health effect on education [212] , myotonic dystrophy [213] , how household social capital and socioeconomic inequalities can result in child undernutrition [214] and how mother's empowerment relates to children's nutritional status [215] .
C. OTHER
The third and last major categories of the taxonomy are related to the remaining articles of our literature review. The section presents (n = 23/23) articles, which are placed in this side of the taxonomy and overlap between development and health. If any article is associated with two or more of the main two categories (development or health) or does not fall in any of the previous categories, it is represented in this category. First set of articles aimed to define and differentiate between different aspects related to food in early childhood period, which includes allergy, preferences and body mass index (BMI). Food allergy is a serious health and developmental concern that ultimately affects children's quality of life [216] . Among other topics that discussed children's food allergy is the timing of allergenic food introduction by parents similar to [217] or another side related to dermatology with the timing of eczema onset and its relation to food allergy similar to [216] . As for the food preferences. Early childhood is a sensitive period and a critical development phase that also plays a major role in shaping children's dietary patterns [218] . Among the points discussed in the literature are parental strategies used to influence children's food preferences [219] , the article shows an overlap between development category and intervention practices from the health category the relation of noncore foods, such as vegetables and fruits, with children's later food preferences as in [218] , which shows an overlap between health category and the psychological from the development category. As for body mass index (BMI) related studies. BMI is the most appropriate quantitative measure of overweight in children. BMI is defined in two ways. The first one is the association between the BMI of packaged and fast food brands and children's knowledge, as in [220] . The second one pertains to how protein intake from early childhood to puberty is associated with adult BMI, as in [221] . The first one is the association between the BMI of packaged and fast food brands and children's knowledge, as in [220] . The second one pertains to how protein intake from early childhood to puberty is associated with adult BMI, as in [221] . Both articles of BMI show an overlap between health category and the development category. Second group of articles in this category shows different topics that overlaps between the categories. The first article by [222] drew a relation between behavioral effectors under the psychology, academic skills and racial disparities. The second one falls among intervention services, adverse childhood experience and language development [223] . The next one by [224] belongs to intervention services, mental health problems and academic skills or with only academic skills and intervention services [225] . An overlap between growth and family health, as shown in [226] , includes mental health and parenting style, cognitive skills and children's behavioral problems [4] . Overlap was also observed between language development and the EEG technique of the brain [227] and between asthma and BMI [228] . The last three articles in this respect described divorce psychological effectors in relation to a practice framework under intervention services [229] , child care subsidies and children's cognitive development [230] , effect of helicobacter pylori infection on growth impairment [231] and growth patterns in children at high risk of obesity [232] .
The last set of articles covered different points, which we believe do not fall in the previous areas of the taxonomy; these articles include how minority children are disproportionately represented in special education schools [233] and professional development of preschool teachers with respect to child education [15] . Two articles addressed children with stuttering sub types [234] and their relation with sympathetic arousal [235] . The last article described school and home language environments of preschool-aged children with Autism spectrum disorder ASD [236] .
VI. DISCUSSIONS
This section describes three major points in this study. After the full reading phase and the taxonomy, this phase aims to summarize some interesting points included in existing literature. The points discussed in this section are summarized into three major points, which includes challenges, motivations and recommendations associated with early childhood studies. The significance behind this is to show future researchers in early childhood the challenges and issues they may face and enable them to take early actions in addressing these challenges. For example, among the common issues faced in the literature is the issue of biased reporting by family members or others during the data collection stage [33] , [34] , [217] . Therefore, as future researchers proceed in this domain of science, they consider this issue before its occurrence. The same concept is applied for other challenges. The motivations which also inform future researchers how their previous peers were drawn into this domain of science and things that inspired them to pursue their respected studies in the early childhood area. The last discussion includes the recommendations, which represent the link between previous researchers and the new ones. As previous researchers acknowledge their limitations, they transform their knowledge in the form of recommendations for their future peers who pursue a similar type of studies. Therefore, new researchers expand previous research to improve work in this domain.
A. CHALLENGES
This section describes the common challenges found in early childhood studies across different domains, as presented in the previous taxonomy in Figure 5 . The challenges discussed in this section are elaborated because they come from different domains and separating them for the sake of this paper is a highly complex process. They are only shared based on their general importance. (Figure 6 ).
1) CHALLENGES RELATED TO DATA NATURE AND AVAILABILITY
Data is the most important aspect in any study and it is the most significant effector that controls the analysis, findings and all the study's elements. However, when dealing with early childhood studies, some notable data issues occur in many areas of literature, such as missing data [21] , [66] , [138] , [152] , [176] , [199] , [212] , reliance on administrative data [114] , [137] , [138] and the huge lack of longitudinal data and studies [1] , [3] , [17] , [28] , [31] , [37] , [41] , [48] , [55] , [71] , [102] , [109] , [114] , [123] , [124] , [160] , [162] , [177] , [178] , [184] , [192] - [194] , [206] , [212] , [213] , [222] , [228] , [231] , [233] . Other studies shed light on other issues related to data, which include structure [1] , accuracy [110] , incompletion [100] and scarcity [65] , [116] .
2) CHALLENGES RELATED TO STUDY POPULATION
This challenge discusses major issues related to the samples and population of previous studies; several issues were identified with respect to early childhood studies, which include a small sample size, as pointed out in references [5] , [10] - [12] , [14] , [23] , [40] , [53] , [55] , [61] , [66] , [81] , [87] , [90] , [97] , [111] , [112] , [116] , [119] , [129] , [135] , [138] , [141] - [143] , [146] , [149] , [152] , [159] , [164] , [173] , [176] , [179] , [181] , [187] , [198] , [199] , [206] , [207] , [211] , [212] , [219] , [224] - [226] , [233] , [236] .
3) CHALLENGES RELATED TO DATA ACQUISITION
This challenge is meant to investigate the common issues faced during the data collection process from various studies across the literature. Parent involvement in data collection with respect to their children is common. Moreover, researchers across many studies consider it a major limitation that introduces undeniable biases. Family biases while reporting children's information can include many daily scenarios, such as sleeping [9] , [34] , [76] , physical activities [211] , food allergy [216] , [217] and outdoor playing time [124] . Others biases can be found during interactions with children [33] , [150] , and when measuring their behavior [3] , [16] , [23] , [74] , [149] , [193] , [194] , [222] , development [81] or health-related issues [166] . Aside from the parenting report for their children, the next issue resides in reporting parental information by themselves, which also introduces self-reported biases, as seen in their psychological and mental health [4] , [17] , [44] , [63] , [126] , [212] , and practices [13] , [77] , [128] , [131] , [159] , [195] , [197] . Other reporting biased can be introduced through teachers [1] , [47] , [224] and other self-reporting methods [110] , [145] , [209] , [210] . The second major issue in the data acquisition phase is the incomplete survey [176] , [177] , [199] .
4) CHALLENGES RELATED TO FINDINGS
This challenge points out two common issues related to the findings of previous early childhood studies based on the literature point of view. The two most significant issues are the inability to generalize the findings and inability to draw a casual conclusion. The inability to generalize could be due to various reasons, namely, missing information [223] , limited samples [11] , [61] , [123] , [146] , single population [2] , [11] , [26] , [33] , [41] , [64] , [87] , [117] , [130] , [150] , [153] , [178] , [179] , [194] , [218] , [236] , different ethnicities [40] , [69] , [127] , [138] , different geographical locations [14] , [43] , [56] , [130] , [137] , [144] , and different socio-economic level [9] , [43] , [124] , [137] . The second issue is the inability to draw a casual conclusion; it is also affected by several causes, such as data limitation [47] , [93] , insufficient sample [205] , observational study nature [221] and cross-sectional study nature [23] , [155] , [226] .
5) CHALLENGES RELATED TO LACK OF STUDIES
This challenge focuses on the lack of study on early childhood across many domains. This lack of studies is distributed based on the general area. First, studies that examine relations between parents and their children to determine what type of effects they pose on each other are lacking [4] , [13] , [23] , [24] , [33] , [44] , [100] , [127] , [129] - [131] , [152] , [155] , [217] . Second, the skill-related studies to measure various topics and issues from language, mathematics, reading VOLUME 7, 2019 and social are lacking [11] , [12] , [41] , [80] , [89] - [91] , [94] , [105] , [107] , [115] , [116] , [223] , [230] . The last two portions lack studies related to health [6] , [23] , [43] , [156] , [161] , [209] , [221] and development [63] , [77] , [84] , [223] .
6) OTHER CHALLENGES
This challenge is meant to address many challenges that do not fall into any of the above ones. In early childhood studies, researchers across discussed complex and different areas of interest due to the vast size of this study domain. Most of the issues discussed in this challenge have a slight occurrence in the literature and are not sufficient to form their own section. However, the remaining challenges are discussed and brought close to each other ( Figure 7) .
The first issue in the other challenges is method, which speaks about the previous method and its inability to measure issues, such as the density of the household that emitted coal smoke in a neighborhood [200] . The second issue is the mechanism used in some previous studies and how they failed to inform researchers about many phenomena and problems, such as the inability to explain increases in malaria risk through iron supplementation [180] , mechanisms to explain the relationship between insufficient sleep and adverse health outcomes [9] , mechanisms to show how protein intake in early life is positively associated with the risk of obesity [221] , imitation mechanism in the social development aspect [64] a and mechanisms to explain depressive symptoms in fathers with behavioral and emotional problems in children [126] .T The next issue is evaluation. Reference [85] indicated the lack of a validated metric for objective evaluation of early motor impairments in the intensive care unit for children. The next issue is measurement. Children who experienced hospitalization [85] and preadoption [68] have no short-term consequence measurements. Differentiation is another issue. Two studies pointed out that previous literature did not differentiate between the types of hearing devices and children with different degrees of hearing loss [97] and between the head circumference growth in preschizophrenia cases [59] . Next issue is lack of empirical evidence, which was pointed out in two studies that discuss topics, such as children's outdoor prescription for their physical activity [211] , science achievement gaps in children in the United States [114] , and Quality of Life in Children with HIV [186] . The next issue is lack of clarity, which has been experienced in some previous early childhood studies that cover topics, such as the spacing effect [113] , anxiety effect on limbic regions development [54] , mycoplasma pneumoniae effect on Asthma control [164] and nature of brain structural change [8] . Another issue is patterns; few studies report the lack of and need for pattern identifications in cases such as seasonal patterns of mortality rates [167] , maltreatment patterns on non-sexually abused children [193] and patterns of mastery motivation in children with complex communication needs [112] . Other studies focused on the classification issue, as shown in previous classification subtypes of children stuttering [234] and classification agreement on infant hand use preferences [86] . Many researchers are challenged by the previous understanding of certain issues, which seems to raise their awareness and encourage them to dig deeper in these areas; some were motivated by issues, such as the association between emotion and stuttering [235] , food preferences development within families [219] , visuomotor skills link to academic success [116] , healthy brain development trajectories during preschool [8] , cortical mapping of cognitive function in infant [52] , and reading achievement and mathematics achievement in the prediction of science achievements [106] . The next challenge concerns the effects of some variables over others many points from different academic domains, such as teacher-child relationships [40] , genetic differences in emotion [5] ; housing mobility on mental health [65] ; parenting on children's outcomes [24] ; allergic food introduction [217] , echocardiography effect on screened children [144] ; psychological, health and schooling effects of divorce on children in UAE [229] ; the psychological effect of school mobility on early adolescence [66] ; parent's food deprivation effect on children [27] and child mortality impact on GDP per capita [170] . Some researchers were challenged by the ambiguous relationships of some variables, which include socio-economic status (SES) and child body weight changes [140] , why a mother's attachment with her child is stronger than a father's attachment [84] , and unemployment and child maltreatment [196] . Researchers were also challenged by the lack of knowledge of certain topics in many cases, such as effective intervention knowledge for children at risk of abuse and maltreatment [155] , sources that contribute to early arithmetic learning in children [14] , language acquisition for children in multilingual and multicultural environments [92] , factors that help predict recovery of stuttering [103] , characteristics of school language environments for children with ASD [236] and children's ability to quote a variety of linguistic inputs [79] .
B. MOTIVATION
This section describes the parts of the literature that encouraged researchers in early childhood studies across many domains. These motivations were categorized based on their general purpose and similarities (Figure 8 ).
1) RELATED TO EDUCATIONS
Education is an important aspect of children's early lives. Education is the foundation that guarantees children's skills development. Researchers were motivated to pursue this kind of studies for many reasons, which include differences in learning and whether the differences were driven by socioeconomic status [108] or children's race [225] . Others looked into education from different points and were highly motivated by the desire to understand issues during the learning process, such as behavior problems' relationship with academic problems [222] , childhood health effect on schooling [212] and early care education role in helping children who have been through adverse experiences [223] . Some scholars were driven by academic transitions in children skills in cases such as mathematics [47] and language [91] . Other topics, such as later education achievements in children, attracted the attention of researchers for its long-term and positive effects [15] , predicting positive transitions and later school outcomes [225] , early competencies [107] , acquisition of further and advanced academic skills [14] , [41] , [91] , [118] and its role for later school grade achievement [44] . The last group was motivated by understanding the role of teachers in promoting the academic resilience of racial/ethnic minority children at-risk for poor achievement [40] and the importance of understanding academic outcomes for children with disabilities [109] .
2) RELATED TO FAMILY
This motivation is driven by the interest of researchers across the world to understand family effects on their children and how these effects, whether negative or positive, can contribute to one's early childhood. The first group focused on understanding the importance of positive family presence in various cases, such as the benefits of family interactions for children with positive experience [13] and emotion [48] and in the learning context [44] , [100] , as well as the family sense of coherence [23] , parent-children relationship [128] , understanding children differences [131] , nutrition relationship [215] , [224] , skills [13] , [44] , [72] , [78] , development [24] , [71] , [78] , [84] , [105] , [167] and health [139] , [166] , [226] , [229] . Other researchers were more driven by the importance of understanding of negative effects associated with parents and their effects on children in many cases, such as parents' depression [2] , [126] , [127] , stress [44] , unemployment [196] , smoking [135] , divorce [229] , spanking [130] , poor nutrition [27] , poor behavior [131] and migration [57] .
3) RELATED TO INTERVENTIONS
This motivation discusses parts of literature that were inspired by the possibility of an intervention that may help maintain risks or control them. Many interventions across the literature were meant for various reasons. The most important ones are meant for medical related means, such as clinical decisions [213] , supporting strategies [105] , [229] , early control of children behavior [160] , emotions [5] , early diagnosis [28] , education settings [21] , [109] , [111] , [153] , [212] , promoting positive practices [159] and maintaining future health [25] , [156] . Others were highly encouraged by the possibility of early intervention for risk prevention and control in disease-related [43] , [124] , [144] , [161] , [162] , [185] , [188] , [189] and non-disease-related cases that also covers child-related cases, such as disorders [8] , [12] , [103] , injuries [210] , maltreatment [194] , [196] , hearing loss [148] and development delays [128] or parent related such as preterm birth [133] and pregnancy risks [137] .
4) RELATED TO DATA RESOURCES
Researchers across literature were handicapped by data resources, whereas others considered a challenge. Others were motivated to pursue looking by existence. Some of these motivations that encouraged many were data-related, such as data limitations, due to geographical location setting [6] , [34] , collecting previous data at single or incomplete time points [11] , lack of data resources [168] , acquisition [93] and considering findings based on one time point [16] .
5) RELATED CHILDREN
This motivation summed up all the remaining previous efforts of researchers across the early childhood domain to understand the different aspects related to children. Researchers from various academic background and research domains were inspired by changes in children and led them to pour their interest in such studies. Some were motivated by body related changes in children [2] , [8] , [18] , [36] , and others were more encouraged by abilities [11] , [97] , skills [81] and emotions [4] , [128] . Another group was encouraged by the importance of various developmental issues in children's lives, which include changes [28] effects [190] , [231] , relationships [54] , [172] , [188] , [202] , [218] , [235] and differences [119] . Remaining motivations were concerned with other children related issues but had few occurrences, which include the importance of understanding the impact of some child care services, such as subsidies [230] and crisis nursery [155] , immune response to dengue virus [181] , in addition to understanding reaching development via kinematics [82] , syllabic stage in the development of literacy, speech development after cleft repair [143] , and language development through neighborhood density [46] .
6) OTHER MOTIVATIONS
This part aims to address the remaining motivations that did not fit into the above categories and had few individual occurrences in literature. Some of the researchers were motivated by the importance of this kind of studies for medical reasons, such as clinical trial design and analysis [145] , conducting and understanding epidemiological studies [166] , [199] and future research directions [35] , [183] .
C. RECOMMENDATIONS
This section discusses the portion of the literature that summarizes previous researchers' recommendations for future directions. These recommendations were categorized based on their relevance, as shown in Figure 9 .
1) RELATED TO RESEARCH
This recommendation discusses the previous researchers' hopes and recommendations for future studies. Most researchers across early childhood domains agreed on some recommendations despite differences in their field of interest among early childhood studies; they agreed on certain recommendations such as the need of early studies to conduct a more comparative research [18] , [219] , [236] , genetics research [5] , [64] , [74] and evaluations studies [11] , [31] , [63] , [65] , [85] , [146] , [162] , and the large sum of recommendations for a more longitudinal research [1] , [5] , [10] , [12] , [38] , [43] , [45] , [47] , [48] , [54] , [61] , [63] , [69] , [75] , [91] , [93] , [103] , [117] - [119] , [121] , [136] , [146] , [162] , [193] , [209] , [210] , [212] , [219] and exploratory research [5] , [33] , [37] , [41] , [72] , [84] , [109] , [111] , [123] , [124] , [203] . Among the hot topics that were highly recommended is research for parents and their children Some researchers recommended that other aspects related to children's skills must be studied more, which includes visual spatial aspects [14] , [115] , reading and mathematics [105] , [106] , arithmetic [11] , scientific reasoning [26] , academic [118] , cognitive [112] , and language and vocabulary [14] , [89] , [90] , [97] . The next group of researchers recommended future studies for the health domain to address issues, such as diseases [163] , [171] , [177] , [183] , [216] , and children's health changes [8] , [9] , [75] , [211] .
2) RELATED TO DATA ANALYSIS
Data analysis is one of the most important components of most early childhood studies; researchers across many domains in the literature viewed recommendations for future studies that utilize data analysis technique; some encouraged the utilization of more data analysis objective measures [43] , [76] , [141] , [211] and replicated studies while utilizing different measures [194] . Others focused on using different techniques, such as machine learning [146] , [147] , time-to-event analysis [162] , cross-lagged analysis [5] , mixed methods statistical analysis [111] and biomarker analysis [226] .
3) RELATED TO IMPROVING CHILDREN OUTCOME Children's later outcomes have been a significant topic for many researchers to pursue and recommend future directions. This recommendation aims to highlight the parts of literature where they recommend aspects associated with improving children's outcomes to cover areas associated with the impact of early interventions [153] , such as improving and evaluating nutrition [58] , [215] , [218] , [226] , addressing science achievement gaps [114] , behavior [222] , hygiene [159] , academic assistance For children with behavior problems [222] and disease management [43] . The other group was highly keen on early care programs and services, such as the effectiveness of special education [109] , child care subsidies [230] , home visiting programs [150] , community level care [132] , configurations of care [152] , research-supported practices for educators [107] , rehabilitation programs [178] , preventive strategies with assessment skills [2] , guidance and preparation for health care professionals [91] , [217] , delivering paediatrician prescriptions [211] and skills and knowledge advancement for social worker [229] . Few recommendations were meant for policy-related purposes, which include policies for children's screen time [201] and how different policies may play a role in fostering children's skills [230] .
The last group was meant for different recommendations to cover the vast aspect of improving children's outcomes, such as expansion of rotavirus vaccine programs [30] , and provision of early childhood education and health services [91] .
4) RELATED TO SAMPLE OR POPULATION
Researchers recognized the significance of the study sample in most types of studies and provided their views and suggestions for future studies. In early childhood studies, many researchers agreed on few recommendations associated with populations and sample. They believe they play a major role in producing highly accurate and solid findings; various recommendations were proposed by previous researchers, such as a large sample size [12] , [17] , [32] , [40] , [53] , [103] , [105] , [129] , [149] , [207] , [208] , [211] and diversity, which includes gender differences [12] , [59] , [213] , population [32] , [44] , [51] , [211] , race [16] , [32] , [138] , culture [44] , [71] and socioeconomic level [32] , [71] , [140] , [157] , [166] , [210] .
5) OTHER RECOMMENDATIONS
The last recommendation group is meant to highlight the remaining recommendations by previous researchers that do not fall into previous recommendation categories. The recommendations are presented in Figure 10 .
Early childhood studies are important and should target more developing countries [6] . Some researchers encouraged assessment in case language abilities and prosocial behavior [3] and the monitoring of behavioral development for children to investigate maltreatment [194] . Youth adjustments should be studied in relation to early substance use patterns [22] . Health characterization pattern should be investigated in relation to different races [139] . Future research should be directed towards useful and realistic guidelines, such as parents' mobile device use during the presence of their children [123] . Other researchers were more concerned with the issue of biased reporting and encouraged future studies to utilize multiple informants aside from caregiver reports [186] , [194] . Future studies should improve the validation process [198] , especially in medical records for disease outcomes. The surroundings of children involve many researcher perceptions and advice to pursue research in areas, such as green surroundings [67] , and home and school learning [11] , [236] . Teacher motivation [110] for students should be investigated to determine whether it affects the risk of repetition in children. Practitioners should aim to improve the diagnosis and screening experience of children [144] to avoid harmful effects. More studies on measurements [235] are needed for areas, such as childhood stuttering. Other researchers recommended more investigation into relationships between variables, such as early head and brain growth and ASD [60] , lexical development and multiword speech [98] , post-adoption crying behaviors and attachment measures [68] .
VII. METHODOLOGICAL ASPECTS OF PREVIOUS RESEARCH
This section discusses the methodological aspects of previous studies. Many attributes are covered in this section and all of them are discussed (Figure 11 ).
The significance of conducting methodological aspects of previous research is to inform future researchers in this area, whose settings and approaches have been utilized before. For example, future researchers who aim to work on early childhood will gain a brief sense of the proper settings for the designated area, which include sufficient sample size, the type of analysis used and how it was utilized, by examining previous methodological aspect. Moreover, future researchers also know which countries have conducted more studies than others, the analysis software and data sources used and the available methods for external researchers.
A. COUNTRY
Early childhood studies were conducted in other countries around the world. Therefore, this area of research has gained significant interest from researchers and agencies and bodies who may be using these studies for research, medical, social and other purposes. We found that most studies on early childhood came from 37 countries, as seen in Figure 12 , (n = 127/233) studies, and more than half were conducted in the Unites States alone [1] , [4,] [5] , [7] , [9] , [10] , [12] , [13] , [16] - [18] , [21] - [25] , [27] - [29] , [31] - [33] , [35] , [40] - [48] , [54] , [55] , [57] , [59] , [60] , [62] , [64] , [65] , [68] - [71] , [73] , [74] , [77] , [81] , [85] , [86] , [88] , [90] , [100] , [102] - [109] , [112] - [114] , [116] , [117] , [119] , [122] , [123] , [129] , [130] , [132] - [134] , [136] - [139] , [142] - [145] , [147] , [150] , [152] - [155] , [157] , [158] , [161] , [164] , [166] , [171] - [174] , [179] , [180] , [182] , [184] , [186] , [187] , [193] - [196] , [198] , [199] , [201] , [204] , [209] , [211] , [212] , [220] - [225] , [230] - [236] . The United Kingdom comes second with (n = 13/233) [34] , [38] , [52] , [66] , [67] , [76] , [110] , [126] , [151] , [160] , [163] , [165] , [215] ; (n = 24/233) studies were conducted in Germany [61] , [80] , [95] - [97] , [120] , [162] , [227] , [228] , Australia [78] , [91] , [92] , [124] , [141] , [156] , [177] , [218] , [219] and China [53] , [93] , [99] , [175] , [210] , [226] . Canada has (n = 8/233) studies from [3] , [8,] [36] , [75] , [118] , [121] , [127] , and [178] , Netherlands with (n = 5/233) studies from [87] , [125] , [149] , [176] , and [217] . Hong Kong has (n = 4/233) studies [11] , [14] , [89] , [115] , New Zealand has (n = 3/233) studies [63] , [135] , [200] ; Taiwan has (n = 3/233) studies [72] , [84] , [183] , Brazil has (n = 3/233) Studies [6] , [82] , [83] , VOLUME 7, 2019 A. H. Alamoodi et al.: Review of Data Analysis for Early Childhood Period France has (n = 3/233) studies [56] , [98] , [140] , Japan has (n = 3/233) studies [79] , [208] , [216] , and South Korea has (n = 3/233) studies [2] , [128] , [207] . The next group includes countries with two studies each; we start with Norway [51] , [94] , Italy [39] , [203] , Belgium [101] , [111] , Colombia [26] , [30] , South Africa [148] , [205] , Turkey [20] , [169] , Uganda [185] , [190] , Tanzania [191] , [192] and Switzerland [159] , [167] . The countries of the authors of two articles were unknown, but they were tagged with equal contribution [168] , [197] . The last group contains countries with only one study; these countries include Chile [58] , Russia [131] , Jamaica [37] , Iran [146] , Malawi [188] , Senegal [189] , Spain [170] , Thailand [181] , Singapore [202] , India [214] , Sweden [213] , Bolivia [206] , United Arab Emirates [229] and Denmark [15] .
B. SAMPLE SIZE
This section highlights the sample size and methodological aspects of previous studies in the screened literature for early childhood studies. Many researchers utilized children's data for analytical purposes. The sum of the participants varies from one study another. This section presents all the previous sample sizes used by previous researchers, which we categories them into seven groups. The first group utilized between 1 and 9 participants, as in [26] , [39] , [79] , [88] , [93] , and [98] . The second group is called Tens and uses between 10 and 99 participants as presented by [8] , [10] , [14] , [28] , [35] , [46] , [51] - [53] , [55] , [80] - [83] , [87] , [90] , [94] - [97] , [101] , [103] , [104] , [112] , [113] , [119] , [120] , [122] , [141] - [143] , [146] , [147] , [164] , [179] , [197] , [199] , [205] , [211] , [213] , [219] , [227] , and [234] - [236] . The third group is Hundreds, which uses samples between 100 and 999 participants from [5] , [11] - [13] , [16] , [18] , [23] , [24] , [31] , [36] , [37] , [40] - [43] , [45] , [48] , [54] , [59] - [64] , [72] , [74] , [76] , [85] , [86] , [89] , [92] , [100] , [102] , [107] , [115] , [116] , [118] , [121] , [124] , [125] , [127] - [129] , [131] , [135] , [136] , [144] , [145] , [148] - [151] , [155] , [157] - [160] , [165] , [167] , [174] , [178] , [180] , [181] , [184] , [186] , [187] , [189] , [190] , [192] - [194] , [203] , [206] - [208] , [217] , [218] , [220] , [225] , and [231] . The fourth group is Thousands. Studies with 1000 and 9999 participants include [2] , [9] , [15] , [27] , [38] , [68] , [69] , [84] , [105] , [108] , [117] , [130] , [153] , [162] , [182] , [198] , [202] , [216] , [221] , [223] , and [224] , 2001 and 3000 participants include [6] , [21] , [44] , [65] , [71] , [73] , [109] , [163] , [173] , [176] , [195] , [196] , [212] , [222] , and [226] , 3001 and 4000 participants include [34] , [58] , [126] , [161] , [177] , and [229] , 4001 and 5000 participants include [4] , [17] , [33] , [91] , [99] , [139] , [200] , and [232] , 5001 and 6000 participants include [111] , [166] , and [191] , 6001 and 7000 participants include [66] and [67] , 7001 and 8000 participants include [1] , [7] , [47] , [70] , [77] , [114] , and [152] , 8001 and 9000 participants include [57] , [110] , and [183] and 9001 and 10000 participants include [185] and [214] . The next group is tens of thousands, which is meant for studies with participants between 10001 and 99999 [3] , [22] , [56] , [106] , [132] - [134] , [137] , [140] , [154] , [156] , [171] , [175] , [188] , [209] , [210] , [228] , [230] , and [233] . The next group is hundreds of thousands which range between 100000 and 999999; only two studies were identified in this group [138] , [204] . The last group utilizes big samples obtained for a long time. This group is regarded as millions of participants and includes Reference [201] , where children at risk of hospitalization utilized 1,564,596 hospital encounters. All the previous samples were utilized across many studies. Some of these studies were used more than one group of participants. We reported a total number of all used samples especially in studies, where more than one group of participants are studied. Studies that do not indicate a sample size or those reviews for other studies have been labeled under 'Others'. Figure 13 shows sample size charts across previous studies for illustration purposes.
C. TYPE OF ANALYSIS
Most previous studies within literature utilized a form of analysis for various research purposes. However, despite the vast amount of data analysis approaches in literature, not all of them used similar analysis types for their desired purposes. Various approaches in data analysis are utilized for a big VOLUME 7, 2019 pool of early childhood studies, where the area of interest is based on the early age of children without specifying a certain domain. We found analysis types across the screened articles with a typical data analysis as reported in [1] , [2] ,predictive analyses [107] , preliminary analyses [44] , meta related analysis [25] , [32] , [123] , correlational analysis [74] , [233] , cross-sectional analysis [2] , [18] , exploratory and factor related analysis [2] , [13] , [43] , [214] , [223] , stratified analyses [193] , structural analyses [79] , structural connectivity analysis [55] , structural image analysis. [36] , structural volume analysis [18] , subsequent analysis [110] , supplementary analyses [11] , latent profile analysis (LPA) [225] , multilevel model analysis [4] , timefrequency analysis [51] , time-series analysis [26] , time-toevent analysis [162] , trajectory analysis [86] , trend analysis [28] , [80] , trunk support dynamics Analyses [88] , two confirmatory factor analyses [23] , [116] , two-step analysis [109] , unadjusted analyses [179] , VEP peak analysis [51] , missing data analyses [40] , mixed-model analyses [102] , modelfitting analysis [74] , multi-group and interaction analysis [126] , multilevel survival analysis [46] multilevel analysis [163] , rigorous multivariate analysis [114] , robustness analyses [27] , score analysis [40] and secondary data analysis [155] .
D. ANALYSIS SOFTWARE
Researchers utilized data and analyzed them using analytical tools for different research purposes during the full text reading of the chosen articles on early childhood. One of the attributes we scanned for is associated with the analytical software that the researchers used in their studies as mentioned in Figure 2 . The most used software in the screened studies on early childhood is STATA data analysis and statistical software, which has been used for different data analysis purposes in various studies and includes [4] , [6] , [7] , [22] , [25] , [30] , [34] , [40] , [56] , [67] , [77] , [78] , [90] , [105] , [107] , [116] , [124] - [126] , [132] - [134] , [139] - [141] , [143] , [152] , [157] , [177] , [182] , [192] , [202] , [205] , [209] , [210] , [214] , [222] , [223] , [226] , and [233] . The next most used software is a statistical analysis system (SAS), which was also used for different data analysis purposes [5] , [9] , [16] , [21] , [23] , [31] , [44] , [59] , [64] , [74] , [84] , [85] , [100] , [114] , [137] , [138] , [153] , [155] , [162] , [164] , [165] , [171] , [175] , [176] , [178] , [179] , [184] , [187] , [200] , [201] , [206] , [212] , [213] , [224] , [228] , [233] , [235] ; this software is followed by SPSS [1] , [2] , [36] , [41] , [43] , [44] , [54] , [66] , [67] , [69] , [76] , [87] , [90] - [92] , [103] , [118] , [121] , [131] , [135] , [163] , [181] , [182] , [188] , [211] , [213] , [216] , [220] , [229] , [231] , [234] , [235] , Mplus [1] , [3] , [11] , [13] , [14] , [17] , [21] , [24] , [44] , [65] , [66] , [89] , [106] , [115] , [117] , [125] , [130] , [194] , [195] , [225] , [228] , R software [6] , [18] , [28] , [31] , [35] , [46] , [59] , [82] , [96] , [102] , [109] , [136] , [142] , [165] , [173] , [180] , [181] , [187] , [189] , [191] , [206] , [217] , MATLAB [8] , [36] , [39] , [83] , [122] , [142] , [145] - [147] , [203] and AMOS [2] , [41] , [48] , [71] , [72] , [118] , [131] , [188] . Other software was used in different areas of literature, but with fewer occurrences than the previous ones; these software include brain imaging software CIVET pipeline [36] , AMIRA 3D and 4D data visualization software [42] , Data processing assistant for resting-state fMRI (DPARSF) [120] , BESA statistics [51] , Bioconductor for genomic data [136] , Brain vision analyzer [129] , E views for statistics [20] , Microsoft Excel [30] , [61] , REDCap for data collection [217] , AFNI software for functional imaging data analysis [10] , G Power 3 statistical power analysis software [25] , GraphPad Prism graphing and statistics software [61] , [180] , [190] , HLM scientific software [47] , [119] , [121] , JMP statistical discovery software [101] , Joinpoint trend analysis software [183] , MaxQuant software for large-scale mass-spectrometric data sets [28] , Python [46] , MedCalc statistical software [144] , Net Station software for signal recording [51] , Noldus Observer for video coding [86] , OpenBUGS for Bayesian analysis of complex statistical models [167] , PedEMG software for Electromyography analysis [87] , REST software and tool box [8] , [120] , TANAGRA data mining software [26] , TIBCO Spotfire data visualization and analytics software for validation analysis [187] and Neuroguide software [31] . Figure 14 shows a chart of previous software usages.
E. DATA SOURCE
Data are a vital element to any study on early childhood data and are the most important aspect because they are the liaison between the analysis and the findings. In early childhood studies, the source of data is equally important and some consider it challenging. The data source was reported in many studies from various sources by utilizing previous literature in early childhood studies. The first source is survey, followed by questionnaire and interviews, which were stated in literature [57] , [58] , [65] , [85] , [117] , [131] , [140] , [150] , [156] , [157] , [159] , [161] , [177] , [194] , [203] , [209] , [210] , [214] , [215] , [219] , [221] , [223] . Others acquired data from medical and care institutions, such as hospitals [6] , [8] , [53] , [63] , [143] , [181] , [188] , [205] , medical system and records [43] , [62] , centers [11] , [36] , [97] , [118] , [148] , [184] , [191] , [197] , [217] , clinics [13] , nurseries [155] and birth records [64] , [74] , [86] . Some researchers obtained their data from educational institutions, which include kindergartens [14] , [89] , [97] , [115] and schools [11] , [102] , [108] . Many researchers outsourced their data from previous studies, which include longitudinal ones [1] , [4] , [7] , [12] , [35] , [38] , [44] , [47] , [66] , [69] , [77] , [78] , [81] , [91] , [92] , [98] , [103] , [106] , [109] , [112] , [114] , [126] , [152] , [166] , [189] , [193] , [225] , [230] , [233] , birth and cohort studies [3] , [9] , [22] , [28] , [34] , [37] , [56] , [59] , [67] , [84] , [100] , [163] , [176] , [200] , [202] , [207] , [212] , [231] , [232] , ongoing studies [104] , [147] and other studies from various areas, including family [17] , [127] , [130] , [139] , development [2] , [54] , [105] , [136] , [216] and health [76] , [162] , [187] , [206] . Other researchers relied on data, which were introduced through experimental means, such as trials [40] , [58] , [122] , [124] , [132] - [134] , [165] , [186] , [218] and recruitment [41] , [51] , [68] , [83] , [116] , [142] , [146] , [180] , [234] . The data of other researchers were drawn from children related services, which include agencies [169] , [170] , [229] , offices [82] , [149] , [196] , daycare and data systems [72] , [138] , databases [18] , [20] , [30] , [79] , [99] , [141] , [167] , [168] , [183] , [201] , [209] , surveillance systems [52] , [110] , [175] , projects [5] , [24] , [48] , [55] , [71] , [73] , [87] , [107] , [111] , [195] , [235] and programs [137] , [179] , [185] , [236] . The last group of researchers relied on data outsourced from other different places, which include online resources, such as websites [145] , scientific databases [32] , [173] , panel data [172] , corpuses [46] , [93] , [101] and follow-up [120] . Figure 15 illustrates previous data sources in chart form.
VIII. CONCLUSION
The number of topics related to early childhood continued to increase. However, these studies have limitations, which remain unaddressed. Early childhood is an emerging topic that warrants attention. The main contribution of this article is a comprehensive survey and classification of works related to early childhood. Some patterns were observed in literature. The identified articles are grouped into three categories: development, health and other. We comprehensively analyzed the majority of the articles to highlight their challenges, motivations and recommendations related to the area of early childhood, data analysis and data types and found some gaps. Various recommendations were provided toward addressing and handling these components. These instructions should be followed by researchers, social workers and other individuals engaged in early childhood. These recommendations provide future researchers with solutions to many of the challenges their peers encountered in the area of early childhood studies. Most of these challenges are related to the data of children. They include its nature, sampling, collection, findings and lack of studies in this area. This review also summarizes the ideas presented in the related literature, which provide a valuable reference for researchers.
